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Abstract

The aim of this study was to determine the effects of bulk and wrapped
packaging with and without fungicide treatment on the storage and shelf
life of ‘Gllsen’ seedless lemon variety in common store and cold storage
facility. The study was conducted during the 2019 and 2020, the harvested
lemon fruits were stored in a common store belonging to a producer in the
Kigikfindik Plateau of Erdemli District of Mersin province and in a cold
storage facility at the Alata Horticulture Research Institute at 10°C and 90%
relative humidity from the beginning of December to August (8 months)
after fungicide bulk, fungicide wrapped, non-fungicide bulk and non-
fungicide wrapped applications. In order to determine the shelf life of the
stored lemon fruits, the fruits were held at 20°C and 70% relative humidity
conditions for 7 days during each sampling period. According to the
research results, increases in weight loss, fungal and physiological
deterioration, fruit rind color L* value, juice content, total soluble solids
(TSS), and vitamin C content were observed during storage, while
decreases were observed in appearance, fruit rind color h° value, the
percentage of green capsules, and titratable acid (TA) content. During the
shelf life period, increases in weight loss, juice content, TSS, and vitamin
C content were observed, while decreases were observed in appearance,
fruit rind color h° value, percentage of green capsules, and TA content.
Consequently, the 'Giilsen' seedless lemon variety fruits could be stored
for 4 months in common store and up to 6 months in cold storage,
maintaining their quality in all applications.

1. Introduction

Citrus fruits are a group of plants grown in
subtropical conditions of the temperate climate
zone, and their native regions are China and India
(Kiling, 2022). Lemons are one of the high quantity
sources of vitamin C. In addition to being consumed
as fresh fruit and/or fruit juices, they are also used
to produce jams, marmalades, syrups, and various
non-alcoholic beverages. Citrus fruits are one of the
most widely produced fruit groups in the world.
According to 2024 statistics, 5.4 million tons of citrus
fruit were produced in Turkiye on 185.000 hectares

of land. Lemons constituted 1.7 million tons of this
production (TUIK, 2025). Regarding the origin of
lemons, it has been reported that they are a hybrid
of bitter orange (Citrus aurantium) and citron (Citrus
medica) (Gulsen, 2000). The ‘Giilsen’ seedless
lemon cultivar was developed and registered based
on characteristics including peel thickness, fruit
weight, juice content, number of seeds and number
of fruit segments in the mutation breeding study
conducted on the ‘Kitdiken’ lemon cultivar at the
Alata Horticulture Research Institute in Erdemli,
Mersin province between 2003 and 2006 (Uzun et
al., 2008). Lemon production is concentrated during
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certain months of the year, extending the supply
period to the market and storing it to meet market
demand are essential (Kocamaz, 2023). Since
lemons do not exhibit climacteric properties, they
can be stored successfully under both natural and
cold storage. Natural storage involves storing
products in conventional warehouses or storage
facilities without active control of temperatures and
relative humidity. In these systems, ventilation is
applied during periods of low outdoor air
temperature to maintain suitable storage
temperatures and preserve the desired internal
atmospheric composition. Cold storage is the
process of preserving food products in thermally
insulated facilities where temperature and relative
humidity are carefully controlled. These conditions
minimize the effects of external heat and moisture,
thereby extending the storage life of food products
compared with storage under ambient storage
conditions (Ugiinci, 2009). In Tirkiye, ‘Kitdiken’
and ‘Lamas’ lemon fruits, which are harvested in the
Mersin-Erdemli region from the end of November,
are kept in storages and storehouses in the city until
mid-February and the beginning of March, and
when the weather starts to warm up, they are
moved to natural storages in the Mersin plateaus
and in the Nevsehir (Urgiip-Ortahisar) region where
volcanic tuff rocks are storaged until the end of July
(Canan et al., 2015). In this study, evaluated the
effects of storage conditions, packaging method,
and fungicide treatment on the physical and
chemical quality attributes of the seedless ‘Gllsen’
lemon cultivar. Fruits stored either in bulk or
individually wrapped in paper were kept under
naturally refrigerated or cold storage conditions,
and quality changes were monitored throughout the
storage period and subsequent shelf life.

2. Material and Methods

The seedless lemon cultivar ‘Gllsen’, developed
and registered by the Alata Horticultural Research
Institute through mutation breeding, grafted onto
local bitter orange rootstock, and planted at 6 x 6 m
spacing, was used as the material. When the fruit
juice was at approximately 28-30% and the peel
color started to change from green to yellow, the
same color, similar size, and unscarred fruits were
harvested. Treatments; ‘Fungicide treated and in
bulk’: After harvesting, the fruits were immersed in
400 mL 100 L? concentration of the active
ingredient 500 g L* imazalil for 3 minutes, dried and
stored in bulk in plastic crates. ‘Fungicide treated
and wrapped’: After harvesting, the fruits were
dipped in the same fungicide concentration for
3 minutes, dried, and stored in plastic crates
wrapped in hutbak paper. ‘Control bulk’: Stored in
bulk in plastic crates without any treatment after
harvesting. ‘Control wrapped’: After harvesting, the
hutbak was wrapped in paper and stored in plastic
crates without any treatment. The applied fruits

were stored for 8 months in natural storage
belonging to a producer in Kigukfindik plateau,
Erdemli district, Mersin province and at 10°C and
90% relative humidity in the cold storage unit of the
Alata Horticulture Research Institute. During
storage, quality analyses were performed on
monthly fruit samples, which were kept at 20°C and
70% relative humidity for 7 days to simulate shelf
life during each analysis period. Analyses: Weight
loss (%): During storage, at each analysis period,
fruits were weighed using a precision scale
(accurate to 0.01g) and compared with initial
values. Weight loss (WL, %) was determined as a
percentage.

Initial weight — Final weight
Initial weight

WL (%) = ( ) x 100
Appearance (1-5) scoring: The appearance of
the fruits was evaluated according to a 1-5 hedonic
scale (1: Very poor, 2: Poor, 3: Average, 4. Good,
and 5: Very good) (Karasahin and Ozdemir, 2025).
Fungal and physiological decay (%): During
storage, fruits were examined at each sampling
period, and those showing fungal and physiological
decay (FD, %) were determined as a percentage.

Number of fruits decayed due to fungi
D = ( - ) x 100
Total number of fruits

Fruit peel color: During storage, at each analysis
period, L* and h° values were measured using a
Chromometer (Minolta CR-300) color measurement
device (McGuire, 1992) according to the C.LE.
L*a*b* scale.

Green capsule fruit (%): It was determined by
counting the green capsule fruits in each analysis.

Juice content (JC, %): The weights of the fruit
juice and pulp obtained with the juicer were
determined, and the amount of juice as a
percentage was calculated using the formula;

Fruit weight — Pulp weight

/C(%)=( )><1oo

Fruit weight

TSS content (%): It was determined using a
hand refractometer (Atago ATC-1E Model, Atago
Co. Ltd., Tokyo, Japan) in each analysis period.

TA (%): It was determined by the potentiometric
method; 5mL of fruit juice was taken, and the
volume was completed to 100 mL with pure water.
Titration was performed with 0.1 N NaOH to pH 8.1
(Sadler, 1994), and the acidity was determined as
citric acid.

Vitamin C (L-Ascorbic acid) content (mg 100 mL"
1: 5 mL of juice samples were centrifuged at 4000
rpm for 5 minutes, and the supernatant was used
for analysis. 100 uL of the supernatant was taken,
and 400 yL of 0.4% oxalic acid was added, and
4.5 mL (30 ppm) of 2.6-dichlorophenolindophenol
solution was added. After the mixture was vortexed,
it was read on a spectrophotometer (Biotek Power
Wave HT, USA) at a wavelength of 520 nm. The
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ascorbic acid content in the sample was calculated
using the calibration graph (Sahin, 2013).

The experiment was set up using according to a
randomized complete block design, with 1 cultivar,
4 packaging applications, 9 storage periods, 3
replicates, 2 storage methods (storage and shelf
life), 2 storage methods (natural and cold storages),
and a total of 432 samples, with 10 fruits per
replicate. Data are presented as averages for 2019
and 2020 to reduce environmental variability
between years, increase the reliability of results,
reveal the actual performance of applications, and
improve the generalizability of results. Statistical
analyses were performed at a significance level of
5% (p<0.05) and compared using the Tukey’s test.

3. Results and Discussion

Weight loss increased during natural and cold
storages of the 'Gllsen' lemon cultivar. Weight
losses were lower in cold storage, reaching around
15% (Table 1). Weight losses during shelf life were
approximately 4-6% in both storage environments
(Table 2). While the weight loss in fruits stored in
bulk during natural and cold storages was higher
than that wrapped in hutbak paper, the weight loss
in fruits wrapped in hutbak paper during shelf life
was higher (Table 3). Similar to our findings have
been reported in ‘Kitdiken’ lemon (Karasahin and
Ozdemir, 2025), and ‘Alata’ seedless lemon
(Karasahin and Ozdemir, 2024) in natural storages
and ‘Fino’ lemons (Martinez-Hernandez et al.,
2017), and ‘Kitdiken’ lemon (Dundar et al., 2019)
under cold storage. It was found that weight losses
in ‘Kltdiken’ lemons, peeled at yellow maturity and

wrapped in hutbak paper, exceeded 25% within a
15-day shelf life after 6 months of cold storage
(Kaynar, 2021), and in another study, this loss was
as high as 18% (Tanyeri, 2022). Lower weight
losses have been reported in fruits wrapped in
hutbak paper during natural (Karasahin and
Ozdemir, 2024, 2025) and cold (Cildir, 2019;
Ozdemir et al., 2023) storages.

While appearance scores during natural and
cold storages and shelf life received full points
(5.00) for the first three months of natural and shelf
life, and for the first four months of cold storage and
shelf life, they dropped below the acceptable limit
(=3) after the 6" month in natural storages and the
7" month in cold storage (Tables 1 and 2). The
effects of packaging on appearance during natural
and cold storages and shelf life were statistically
similar, while scores were higher for cold stored
fruits than for those stored in natural storages
(Table 3). The visual appearance of fruits is a very
important factor in consumer acceptance and
increases the likelihood of purchase. ‘Alata’
seedless lemon (Karasahin and Ozdemir, 2024)
and ‘Kiitdiken’ lemon (Karasahin and Ozdemir,
2025), appearance scores were reported to be =3
after 8 months of storage in natural storages.

Fungal and physiological decay in lemons is
primary cause of quality loss, resulting in significant
economic losses during storage and shelf life.
Fungal decay was not observed during the first
three months of natural and cold storages, but it
increased starting from the fourth month onward in
both conditions, reaching 30% in natural storages
and 10% in cold storage at the end of storage (Table
1). Fungal decay was not observed during shelf life
in either storage condition (Table 2). While the

Table 1. Changes in weight loss (%), appearance (1-5), fungal and physiological disorder (%), fruit skin color L* and h°
values of ‘Gulsen’ lemon cultivar during storage in common and cold stores.

Storage Weight loss Appearance Fungal decay Physiological disorder Fruit skin color
method (%) (1-5) (%) L* value h° value
Storage period in the common store (Month)
0 0.001 5.00 a* 0.00e 0.00d 61.78e 111.71a
1 2.98h 5.00 a 0.00e 0.00d 72.74ab  95.17b
2 8.48¢g 5.00 a 0.00e 0.00d 74.16 a 91.88¢
3 11.19f 5.00 a 0.00e 0.00d 74.30 a 90.59d
4 13.83 e 4.00b 0.50e 0.00d 74.43a  90.23de
5 16.30d 4.00b 4.41d 0.63 cd 73.66ab  89.68¢e
6 19.87c 3.00c 11.42 ¢ 292c 71.89b 88.96 f
7 23.16b 2.00d 21.63b 20.94 b 68.50 ¢ 86.59 g
8 25.70 a 1.00e 30.38 a 64.90 a 65.06 d 84.80 h
D%5 0.66 0.92 1.22 2.84 2.03 0.63
Cold storage period (Month)
0 5.00 a - - 61.78d 111.71a
1 1.60h 5.00 a 0.00d 0.00c 73.77ab  95.77b
2 3.169g 5.00 a 0.00d 0.00c 73.36ab  92.74c
3 5.05f 5.00 a 0.00d 0.00c 73.44ab 91.11d
4 6.72 e 5.00 a 0.21d 0.00c 74.19ab  90.88 de
5 7.88d 4.00b 2.86¢c 0.47c 74.59 a 90.29 ef
6 9.89¢ 4.00b 3.49¢c 193¢ 71.90b 89.61 f
7 12.02b 3.00c 6.20 b 7.24b 68.59 ¢ 86.719g
8 14.86 a 2.00d 10.16 a 37.97a 66.48 ¢ 84.93 h
D%5 0.64 0.92 0.64 3.32 2.36 0.69

*At the p<0.05 significance level, those indicated by the same letter are statistically similar. Means were compared with the Tukey’ test.
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Table 2. Changes in weight loss (%), appearance (1-5), fungal decay and physiological disorder (%), fruit skin color L*

and h° values of ‘Gllsen’ lemon cultivar during shelf life after common and cold stores.

Storage Weight loss Appearance Fungal decay Physiological disorder Fruit skin color
method (%) (1-5) (%) (%) L* value h° value
Shelf life in common storage (Month+day)
0+7 4.00c 5.00 a* 0.00 0.00 70.35de 102.37 a
1+7 4.00c 5.00 a 0.00 0.00 73.72ab  92.56Db
2+7 485b 5.00 a 0.00 0.00 71.43 cd 90.58 ¢
3+7 5.38 ab 5.00 a 0.00 0.00 74.07a 89.81cd
4+7 4.99b 4.00b 0.00 0.00 71.97 bd 89.68d
5+7 5.16 ab 4.00b 0.00 0.00 72.89ac  89.43d
6+7 482b 3.00c 0.00 0.00 68.94 ef 87.32¢e
7+7 4.82b 2.00d 0.00 0.00 67.00 f 84.94 f
8+7 5.83a 1.00e 0.00 0.00 64.48 g 83.63¢g
D%5 0.71 0.92 nsY ns 2.04 0.86
Shelf life in cold storage (Month+day)

0+7 4.00d 5.00a 0.00 0.00 70.35¢c 102.37a
1+7 4.48 cd 5.00a 0.00 0.00 74.22 a 93.44 b
2+7 5.95a 5.00a 0.00 0.00 73.68 ab 91.27c
3+7 5.82a 5.00 a 0.00 0.00 74.63a  90.45cd
4+7 5.28 ab 5.00 a 0.00 0.00 72.02bc  89.91d
5+7 5.55 ab 4.00b 0.00 0.00 71.68bc  89.85d
6+7 5.21 ac 4.00b 0.00 0.00 70.93c 87.95e
7+7 4.77 bd 3.00c 0.00 0.00 68.25d 85.25f
8+7 5.27 ac 2.00d 0.00 0.00 65.75 e 83.98¢g
D%5 0.79 0.92 ns ns 2.07 0.88

* At the p<0.05 significance level, those indicated by the same letter are statistically similar. Means were compared with the Tukey’s test.

Y ns: non significant.

Table 3. Effects of packaging and storage method on weight loss (%), appearance (1-5), fungal and physiological
deterioration (%), fruit peel color L* and h° values of ‘Giilgsen’ lemon cultivar during storage in common and cold stores.

Weight loss Appearance Fungal decay Physiological Fruit skin color
Storage method (%) (1-5) (%) disorder (%) L* value h° value
Common store packaging
Control bulk 13.76 a* 3.77 7.82 10.51 70.09b 91.94 b
Fungicide bulk 13.92 a 3.77 7.50 10.46 70.13b 91.72b
Control wrapped 13.05b 3.77 7.73 9.40 71.60 a 92.60 a
Fungicide wrapped 13.28 b 3.77 7.31 9.35 71.08 ab 92.45a
D%5 0.36 nsY ns ns 1.12 0.35
Shelf life packaging in common storage
Control bulk 458D 3.77 0.00 0.00 70.06 ab 89.75b
Fungicide bulk 4.66b 3.77 0.00 0.00 69.95b 89.68 b
Control wrapped 5.07a 3.77 0.00 0.00 71.16 a 90.44 a
Fungicide wrapped 5.18a 3.77 0.00 0.00 70.99 ab 90.27 a
D%5 0.39 ns ns ns 1.12 0.48
Cold storage packaging
Control bulk 7.26 a 4.22 2.82a 5.46 70.29 92.44 b
Fungicide bulk 7.53 a 4.22 2.55ab 5.74 70.81 92.22b
Control wrapped 6.08 b 4.22 2.55ab 5.05 71.22 93.07 a
Fungicide wrapped 6.33b 4.22 2.27b 491 71.29 92.83a
D%5 0.35 ns 0.43 ns ns 0.38
Shelf life packaging in cold storage
Control bulk 481b 4.22 0.00 0.00 70.93 90.23b
Fungicide bulk 490b 4.22 0.00 0.00 71.02 90.15b
Control wrapped 5.40 a 4.22 0.00 0.00 71.64 90.85a
Fungicide wrapped 5.47 a 4.22 0.00 0.00 71.52 90.75a
D%5 0.44 ns ns ns ns 0.48
Storage methods
Common storage 13.50 a 3.78b 7.29a 9.93a 70.72 92.18
Cold storage 6.80 b 422 a 255b 5.29b 70.90 92.64
D%5 1.28 0.23 1.52 3.24 ns ns
Storage methods for shelf life
Common store 487b 3.78b 0.00 0.00 70.54 b 90.04
Cold storage 5.15a 422 a 0.00 0.00 71.28 a 90.50
D%5 0.20 0.23 ns ns 0.69 ns

*At the P<0.05 significance level, those indicated by the same letter are statistically similar. Means were compared with the Tukey’s test.

Y ns: non significant.
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effects of packaging on fungal decay were
statistically insignificant during the shelf life of
natural storages and both storage conditions, fungal
decay was lowest in fungicide treated and wrapped
fruits during cold storage and highest in control bulk
fruits. The effect of storage method on fungal decay
during shelf life was statistically similar.
Physiological deterioration was not observed during
the first four months of natural and cold storages. It
increased from the fifth month onward in both
storage conditions and rose dramatically in the final
month of storage, exceeding 60% in natural
storages and 37% in cold storage (Table 1).
Physiological deterioration was not observed during
shelf life in either storage condition (Table 2). The
effects of packaging on physiological deterioration
during storage and shelf life were statistically
similar. While the effect of storage method on
physiological deterioration during shelf life was
statistically similar, it was lower in cold storage than
in natural storages (Table 3). Our findings of fungal
decay were lower in natural storages than in
Kitdiken lemons (Canan et al., 2015), in cold
storage (Canan et al., 2015; Cildir, 2019; Dundar et
al., 2019; Tanyeri, 2022). Similar to our findings,
fungal decay was found to be lower in fruits
wrapped in fungicide (imazalil) and hutbak paper
(Cildir, 2019). Fungal decay similar to our findings
was reported in the 8-month storage of ‘Alata’
seedless lemon (Karasahin and Ozdemir, 2024)
and ‘Kitdiken’ lemon (Karasahin and Ozdemir,
2025) in natural storages. It has been reported that
there was no fungal decay in ‘Kutdiken’ lemons
wrapped in hutbak paper, peeled at yellow maturity,
after 6 months of cold storage (Kaynar, 2021) and
at the end of a 15-day shelf life of each month
(Kaynar, 2021; Tanyeri, 2022). Since physiological
deterioration reduces the product's tissue
resistance, leading to deterioration in the fruit's
internal and external appearance and taste
(Karasahin and Ozdemir, 2024), it also has negative
effects on marketing. Similarly, it has been reported
that physiological deterioration was observed
during storage in naturally stored ‘Alata’ seedless
lemons (Karasahin and Ozdemir, 2024) and
‘Kitdiken’ lemons (Karasahin and Ozdemir, 2025),
but physiological deterioration was not observed
during shelf life.

During natural and cold storages, there were
increases in fruit rind color L* value and fruit
brightness was more pronounced (Table 1). In
contrast, during shelf life, the L* value tended to
decrease (Table 2). During natural storages and
shelf life, the L* value was higher in fruits wrapped
in hutbak paper than in bulk, but the effect of
packaging on L* was not statistically significant.
During cold storage and shelf life, the effect of
packaging on L* was not statistically significant. The
effect of storage on the L* value was also found to
be statistically similar. During shelf life, the L* value
in fruits stored in cold storage was brighter than in
natural storage (Table 3). While the fruit rind color

was greenish yellow at the beginning of natural and
cold storages and shelf life, the h® value decreased
and by the end of storage, the fruit rind color had
completely turned the typical yellow color of the
cultivar (Tables 1 and 2). This color change was
slower in fruits wrapped in hutbak paper than in bulk
during both storage and shelf life. The effect of
storage on fruit peel color h® value during storage
and shelf life was statistically insignificant (Table 3).
In parallel with our findings, similar results were
reported for ‘Alata’ seedless lemons (Karasahin and
Ozdemir, 2024) and ‘Kitdiken’ lemons (Karasahin
and Ozdemir, 2025) stored under natural storage
conditions. It was found that h® value decreased in
‘Kitdiken’ lemons (Kaynar, 2021; Tanyeri, 2022)
during cold storage and shelf life. It was found that
fruit peel color L* value increased in ‘Alata’ seedless
lemons (Karasahin and Ozdemir, 2024) and
‘Kutdiken’ lemons (Karasahin and Ozdemir, 2025)
during natural storages. A decrease in fruit peel
color L* value and fruit brightness was found in
‘Alata’ seedless lemons (Karasahin and Ozdemir,
2024) in natural storages and in ‘Alata’ seedless
lemons (Karasahin and Ozdemir, 2024) and
‘Kitdiken’ lemons (Karasahin and Ozdemir, 2025)
during shelf life.

During natural and cold storages and shelf life,
green capsules fruit were preserved for the first
three months, but began to decrease in subsequent
months, and by the seventh month, all had dried or
fallen off (Tables 4 and 5). The effects of packaging
and storage method on green capsules fruit during
storage and shelf life were statistically similar (Table
6). When weight loss exceeds 20-25%, the fruit peel
gradually develops a leathery texture and becomes
harder due to severe peel drying, a decline in overall
appearance, and calyx aging. The initially brownish
capsule later dries completely, darkens, and/or falls
off (D’Aquino et al., 2017), and the fruits become
unmarketable. It has been reported that at the end
of natural storages and/or shelf life, no green
capsules remain in ‘Kutdiken’ lemons (Canan et al.,
2015; Karasahin and Ozdemir, 2025), ‘Alata’
seedless lemons (Karasahin and Ozdemir, 2024),
and ‘Kitdiken’ lemons in the 7" month of cold
storage (Canan et al., 2015).

Juice content fluctuated during both natural and
cold storage, showing an overall increasing trend.
Although a slight decrease was observed during
storage, juice content was largely maintained after
cold storage (Tables 4 and 5). The effects of
packaging and storage method on juice content
during storage and shelf life were statistically similar
(Table 6). Because citrus fruits are not climacteric,
respiration in the fruit is generally expected to
decrease with storage unless physiological stresses
or infections occur. However, respiration in citrus
fruits can be significantly affected by environmental
humidity. During natural and cold storages,
excessive transpiration and water loss in the fruit
can lead to changes in the amount and chemical
composition of the juice, leading to an increase in
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Table 4. Changes in green capsule fruit (%), juice content (%), total soluble solid (TSS) and titratable acid (TA) content
(%), and vitamin C (mg 100 mL™?) content of ‘Giilsen’ lemon cultivar during storage in common and cold stores.

Storage method  Green capsule fruit (%)  Juice content (%) TSS (%) TA (%) Vitamin C (mg 100 mL™?)

Common storage
0 100.00 a* 28.57¢g 7.65e 9.86 a 32.33¢g
1 100.00 a 42.80d 7.96 e 8.51b 47.89 e
2 100.00 a 50.96 b 8.47 cd 8.45b 51.99d
3 100.00 a 53.55a 8.38d 751c 53.63 cd
4 81.88b 53.47 a 8.60 ad 7.24 cd 55.40 bc
5 67.14 c 51.37b 8.84 ab 7.04d 57.27b
6 40.63 d 46.78 ¢ 89l1a 6.46 e 59.60 a
7 0.00 e 36.24 e 8.81 ac 5.83f 47.03 e
8 0.00e 33.69f 8.55 bd 5.67f 43.66 f

D%5 1.72 1.25 0.34 0.27 1.99

Cold storage
0 100.00 a 28.57f 7.65d 9.86 a 32.33f
1 100.00 a 44.46 ¢ 7.96 c 8.83b 46.01 de
2 100.00 a 49.88 ab 8.45ab 7.93¢c 49.42 c
3 100.00 a 50.49 a 8.55a 7.61d 54.45b
4 86.88 b 50.33 ab 8.45ab 721e 56.01 ab
5 72.03c 49.93 ab 8.48 ab 6.84 f 57.97 a
6 49.79d 48.42b 8.66 a 6.19¢g 57.15a
7 0.00 e 41.24d 8.46 ab 5.70h 47.96 cd
8 0.00e 37.33e 8.22 bc 5.51h 45.56 e

D%5 2.09 2.05 0.26 0.24 2.05

* At the P<0.05 significance level, those indicated by the same letter are statistically similar. Means were compared with the Tukey’s test.

Table 5. Changes in green capsule fruit (%), juice content (%), total soluble solid (TSS) and titratable acid (TA) (%), and
vitamin C (mg 100 mL) content of ‘Giilsen’ lemon cultivar during shelf life after common and cold stores.

Storage method Green capsule fruit (%)  Juice content (%) TSS (%) TA (%) Vitamin C (mg 100 mL1)

Common storage
0+7 100.00 a* 36.13 e 8.00 e 9.07 a 35.11f
1+7 100.00 a 48.07 cd 8.28 de 8.80 b 47.07d
2+7 100.00 a 54.49 a 8.73 ac 8.29c¢c 52.18 ¢
3+7 100.00 a 53.16 a 8.53 bd 7.55d 53.78 c
447 80.00 b 50.36 b 8.79 ab 7.27e 57.97b
5+7 60.00 c 50.17 bc 8.85ab 7.15e 59.08 ab
6+7 40.00d 47.14d 8.98a 6.70 f 59.83 a
7+7 0.00e 34.37e 8.69 ac 5.72¢ 43.88 e
8+7 0.00e 31.11f 8.40 cd 5.614¢ 42.46 e
D%5 3.42 2.18 0.36 0.21 1.78

Cold storage
0+7 100.00 a 36.13cd 8.00d 9.07 a 35.11f
1+7 100.00 a 46.98 b 8.14 cd 8.73b 46.74d
2+7 100.00 a 53.05a 8.49 ab 8.05¢c 53.07c
3+7 100.00 a 52.19a 8.46 ab 7.24d 53.66 c
4+7 80.00 b 49.20 b 8.50 ab 7.09 de 56.28 b
5+7 60.00 c 47.75b 8.59 ab 6.93 e 57.87 ab
6+7 40.00d 48.19b 8.70 a 6.32 f 59.14a
7+7 0.00e 37.45¢ 8.33 bc 5.57¢g 45.12 de
8+7 0.00e 34.20d 7.98d 5.43¢g 44.29 e
D%5 3.42 2.25 0.29 0.22 1.95

* At the p<0.05 significance level, those indicated by the same letter are statistically similar. Means were compared with the Tukey’s test.

the juice content. Juice quantity is the most
important criterion for lemon harvest and is a key
parameter for post-harvest quality and marketing.
Consistent with our findings, previous studies have
also reported an increase in juice content during
natural and/or cold storage in ‘Kitdiken’ lemons
(Canan et al., 2015; Cildir, 2019; Dindar et al.,
2019; Kaynar, 2021; Tanyeri, 2022; Karasahin and
Ozdemir, 2025) and ‘Alata’ seedless lemons
(Karasahin and Ozdemir, 2024). The effects of
packaging on juice content during shelf life after
natural storages in ‘Alata’ seedless lemons

(Karasahin and Ozdemir, 2024) and ‘Kltdiken’
lemons (Karasahin and Ozdemir, 2025) were similar
to our findings.

There were fluctuations, but increases, in the
TSS content during natural and cold storages and
during shelf life (Tables 4 and 5). The effects of
packaging on TSS values during storage and shelf
life were statistically similar (Table 6). The increase
in TSS during storage and shelf life was greater in
natural storages than in cold storage (Table 6). The
general increase in TSS content has been reported
to result from hydrolysis of cell wall components and
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Table 6. Effects of packaging and storage method on green capsule fruit (%), juice content (%), total soluble solid (TSS)
and titratable acid (TA) (%), and vitamin C (mg 100 mL?) content of ‘Giilsen’ lemon cultivar during storage in common and

cold stores.

Storage method Green capsule fruit (%) Juice content (%) TSS (%) TA (%) Vitamin C (mg 100 mL™?)
Control bulk 65.33 44.03 8.53 7.38 ab* 49.60
Fungicide bulk 65.22 44.46 8.41 7.33b 50.00
Control wrapped 65.77 44.05 8.53 7.47 a 49.67
Fungicide wrapped 65.74 44.10 8.38 7.41 ab 50.20
D%5 nsY ns ns 0.13 ns
Control bulk 64.44 45.12 8.62 7.34 49.88
Fungicide bulk 64.44 45.18 8.54 7.32 49.98
Control wrapped 64.44 44.76 8.63 7.42 50.58
Fungicide wrapped 64.44 44.94 8.53 7.34 50.17
D%5 ns ns ns ns ns
Control bulk 67.46 44.54 8.36 7.32 49.70
Fungicide bulk 67.31 44.68 8.35 7.31 49.67
Control wrapped 67.90 44.29 8.30 7.30 49.60
Fungicide wrapped 67.86 44.55 8.27 7.26 49.63
D%5 ns ns ns ns ns
Control bulk 64.44 45.12 8.42 7.15 50.40
Fungicide bulk 64.44 45.20 8.33 7.13 49.94
Control wrapped 64.44 44.73 8.38 7.19 50.12
Fungicide wrapped 64.44 45.01 8.30 7.17 50.11
D%5 ns ns ns ns ns
Common store 65.52 44.16 8.46 a 7.40 49.87
Cold storage 67.63 44.52 8.32b 7.30 49.65
D%5 ns ns 0.09 ns ns
Common store 64.44 44.99 8.58 a 7.35 50.15
Cold storage 64.44 45.01 8.36 b 7.16 50.14
D%5 ns ns 0.10 ns ns

* At the P<0.05 significance level, those indicated by the same letter are statistically similar. Means were compared with the Tukey’s test.

Y ns non significant.

possibly from excessive water loss (D’Aquino et al.,
2017). Many studies have shown increases in TSS
content in lemons during natural and/or cold storage
and shelf life (D’Aquino et al., 2017; Dindar et al.,
2019; Karasahin and Ozdemir, 2024; Karasahin
and Ozdemir, 2025; Kaynar, 2021; Tanyeri, 2022).
It has been reported that the effect of packaging on
TSS content is the same in ‘Alata’ seedless lemons
(Karasahin and Ozdemir, 2024) and ‘Kutdiken’
lemons (Karasahin and Ozdemir, 2025) during
natural storages and shelf life.

There were decreases in TA content during
natural and cold storages as well as during shelf life
(Tables 4 and 5). While TA content was found to be
higher in fruits wrapped in hutbak paper during
natural storages than in bulk, the effect of packaging
on TA content during natural storages shelf life, cold
storage and shelf life was found to be statistically
the same (Table 6). Decreases in TA content in
lemons during natural and/or cold storages and
shelf life have been reported in studies conducted
on ‘Kitdiken’ lemons (Canan et al., 2015; Cildir,
2019; Dundar et al., 2019; Karasahin and Ozdemir,
2025; Kaynar, 2021; Tanyeri, 2022;) and ‘Alata’
seedless lemons (Karasahin and Ozdemir, 2024).
In contrast to our findings, increases in TA content
were reported in control fruits of ‘Zagara Bianca’
lemons after 8 weeks of shelf life (D’Aquino et al.,
2017). In ‘Kutdiken’ lemons, after 6 months of cold
storage, small fluctuations in TA content were
observed in fruit samples taken monthly over a 15-

day shelf life, and results were statistically similar to
the initial values after 6 months + 15 days (Kaynar,
2021).

There were increases in vitamin C content
during natural and cold storages and during shelf
life (Tables 4 and 5). During storage and shelf life,
the effects of packaging and storage on vitamin C
content were statistically similar (Table 6). Changes
in vitamin C content in lemons have been reported
to be due to cultivar characteristics, pre-harvest
climatic conditions, cultural practices, maturity, and
post-harvest treatments (Lee and Kader, 2000).
The increase in vitamin C content has been
reported to likely result from excessive water loss
(D’Aquino et al., 2017). Many studies have shown
that vitamin C content in lemons increases during
natural and/or cold storage and during shelf life
(Karasahin and Ozdemir, 2024; Karasahin and
Ozdemir, 2025; Kagka and Pekmezci, 1983;). In
‘Zagara Bianca’ lemons, it was determined that the
effect of shelf life on vitamin C content was
statistically similar to that of control fruits after 8
weeks under shelf-life conditions (D’Aquino et al.,
2017). It was found that there were decreases in the
vitamin C content of control fruits after 8 months of
cold storage of ‘Kiitdiken’ lemon (Dindar et al.,
2019). Although there were small fluctuations in the
vitamin C content of ‘Kitdiken’ lemons during 6
months of cold storage and shelf life, it was reported
that statistically similar results were obtained
(Kaynar, 2021). It has been reported that there were
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decreases in the vitamin C content of ‘Kitdiken’
lemons wrapped in hutbak paper during 6 months
of cold storage (Kaynar, 2021) and during a 15-day
shelf life (Tanyeri, 2022).

4. Conclusions

Weight loss of ‘Gulsen’ seedless lemon fruits
stored in bulk under natural and cold storage was
higher than that of fruits wrapped in hutbak paper.
During storage, increases in weight loss, fungal and
physiological deterioration, fruit rind color L* value,
juice content, TSS and vitamin C content, and
decreases in appearance, fruit rind color h° value,
proportion of green capsuled fruit, and TA content
were observed. During shelf life, increases in weight
loss, juice content, TSS and vitamin C content, and
decreases in appearance, fruit rind color h°® value,
proportion of green capsuled fruit, and TA content
were observed. No fungal and physiological
deterioration was observed during shelf life. In
conclusion, it was determined that fruits of the
‘Glilsen’ seedless lemon cultivar can be stored for 4
up to months in natural storage coditions and 6 up
to months in cold storage, maintaining their quality
in all applications.
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